Retreat and advance of shoreline position occurs naturally, and also as a result of defences which are constructed to prevent erosion and flooding. Retreat more commonly manifests itself down-drift of defences due to sediment deficit causing the coast to become 'set-back'.
Introduction
Erosion dominates over accretion on most of the world's beaches (Bird 1985) and in 2004, damage due to coastal erosion in England was estimated to have cost £14.4 million (including property, land, infrastructure and transport disruption or loss). With climate change and continued development, it is estimated that this could rise to as much as £126 million per annum by the 2080s (Evans et al. 2004) . It is important to understand on a national scale what controls or aggravates erosion so that the coastal zone can be effectively managed. For instance, erosion has often been amplified or directly caused by human interference (Eurosion 2004) . Coastal structures, such as jetties, breakwaters, groynes and seawalls have been built widely around the world to control shoreline position for hundreds of years to reduce erosion and flooding, and to aid navigation (Brampton 2002; Komar 1976 ). However they have knock-on impacts on the adjacent coastline as the sediment budget is often altered, leading to the retreat or advancement of shoreline position. This paper is intended to raise the awareness of the long-term implications of coastal engineering works and provides a starting point for detailed studies into retreat or advance of the shoreline. It also determines potential problem areas due to human interference, from a national perspective. This research provides basic statistics and allows investigation into the factors that control and influence the growth of artificial shoreline change on a national scale, such as defence location and termination, geology, morphology and topography. The structure of the paper is as follows: a) Definition of the creation of advances and retreat of shoreline position. b) Description of the history relating to shoreline changes adjacent to defences. c) Mapping of localities of shoreline change adjacent to defences in England and Wales. d) Discussion of case studies of shoreline change, specifically those related to shoreline retreat on cliffed coastlines as these sites are straight forward to identify.
Creation of advances and retreat of shoreline position: shoreline 'set-backs' and 'set-
forwards'
Coastal defences fix the shoreline position and alter the sediment budget. For example, where sediment accumulates up-drift of groynes and other defences it creates protective beaches, advancing the shoreline (creating a 'set-forward') and reducing erosion. On the down-drift coast, the sediment budget is also changed. The down-drift coast is usually starved of sediment, often resulting in retreat and a 'set-back' of shoreline position with respect to the defences, due to the continued activity of wave attack and sub-aerial processes. The rate of retreat or advancement depends on the frequency of extreme events and meteorological conditions, and other site conditions such as the magnitude of longshore drift, sediment type, rock hardness, exposure of the shore platform and the rate of sea-level rise. The creation of coastline set-forwards and set-backs via accretion and erosion is illustrated in Figures 1a (a groyne field on a cliffed coastline) and Figure 1b (a single barrier on a beach or adjacent to a debouching river, which may be in a cliffed or low-lying environment). In Figure 1a , the advance of the shoreline may not continue up-drift of the groyne field, as there may be insufficient sediment to halt retreat. Thus over many decades the defended coast forms an artificial headland as shown in Figure 1a 
1998)).
The generic terms 'set-back' and 'set-forward' are used as opposed to the process terms 'eroding' and 'accreting' as it can be difficult to determine which process is happening due to multiple sediment process and human interference at one site. Additionally, sites may have eroded historically, so are set-back, but are not presently eroding. Determining whether a site is set-back or set-forward involves more detailed research into historical shoreline evolution (such as direction of longshore drift), including the construction of coastal defences (including beach nourishment). Cliffs and beaches behave differently. A cliff is inherently erosional so can only retreat, thus producing set-backs (see Figure 2 illustrating Barton-onSea, Hampshire). Beaches (and low-lying coasts) erode or accrete depending on the sediment budget so can have set-backs and set-forwards (see Figure 3 illustrating Rye, East Sussex).
Set-backs can also develop due to defence removal. changes to longshore drift potentially obscured past changes caused by defences. For instance, at Kessingland, Suffolk a set-back developed adjacent to a sea wall (Steers 1951 ), but afterwards this was obscured by the migration of a ness (a large crescent shaped body of sediment)).
In this study, the majority of set-backs discussed are linked to anthropogenic causes, but not until a thorough investigation is made into previous site conditions, can one assume this is the case, and in reality a set-back may occur due to natural and anthropogenic causes. This is discussed in 'Study limitations'.
Evidence for set-backs and set-forwards are derived by analysing shoreline change indicators on historic maps such as low and high water and the cliff base and cliff top (for example, Brown 2008; Crowell et al. 1991; Nicholls et al. 2000) . Where the shoreline is setforward, wave attack on the back of the beach or cliff is reduced, or removed. Set-back, particularly on the down-drift coast can be particularly severe as the sediment deficit potentially increases the retreat rate (Dean 1996; Komar 1976 ) (a phenomenon known as the terminal groyne effect). Such erosion problems often 'migrate' down-drift, raising issues of land and infrastructure loss and defence outflanking (Anderson et al. 1983; Brown et al. submitted; Bruun 1995 Bruun , 2001 Galgano 1998; Kana et al. 2004; LeBlond 1972; Terpstra and Chrzastowski 1992) . Without detailed studies using historical maps, it can be difficult to determine if sites are set-back or set-forward (particularly on low-lying coasts) as the net result looks similar due to the coastal configuration of defences with respect to the undefended coast, and the coastal dynamics, such as direction of longshore drift, and erosion or accretion of the coast adjacent to a hard structure. Thus the focus of case studies discussed in this paper (in 'Results and discussion') will be on the cliffed sites where we are confident we are dealing with set-backs. Case studies were selected due to the availability of good data, a long history of defence or where there is rapid retreat, thus providing a clear signal of coastline change. Set-backs are particularly important to study because of their hazardous nature towards cliff-top buildings and infrastructure, and the outflanking effect at the end of the defences.
Set-back and set-forward formation and its history in England and Wales
For over 150 years, engineers have recognised that defences starve the down-drift coast of sediment and increase retreat rates. The use of defences have expanded due to increasing population and economic base, including the growth of harbours (such as harbour arms and navigational structures including training walls and breakwaters) and the emergence of coastal tourism as an important industry, plus the demand and expectation that land should be protected. As defences grew (particularly in the ad hoc manner prior to Shoreline Management Plans (Department for Environment, Food and Rural Affairs 2009)), the number of set-backs increased (both up-drift and down-drift, with down-drift set-backs being more severe), as did the occurrence of problems such as defence outflanking. For example, Hewitt (1844) noted the sediment deficiency down-drift of groynes at Trimingham, Norfolk, and Hutchinson et al. (1980) discussed reports of a reduction in the littoral drift volume downdrift of Folkestone Harbour, Kent, from the mid to late 19 th century. At Folkestone Harbour (where the defences and harbour arm were initially constructed from 1807-1810), the severity of down-drift erosion was such that the set-back threatened to outflank the defences, resulting in defence extensions on three occasions in 1861 -1863 , 1881 -1883 and 1897 -1905 (Bishop 1973 .
These engineering works and many others indicate a long and complex history of human intervention on the coast, resulting in set-backs and set-forwards. For some cases, a locality may be both set-back and set-forward depending on the shoreline indicator analysed.
For example, where sediment accumulates up-drift of an artificial barrier, it can result in a set-forward of the shoreline. However, if the additional sediment is insufficient to stop erosion of the cliff base, the cliff top would also become set-back with respect to the adjacent protected cliff.
Set-backs are not always observed down-drift of defences, as sufficient sediment may still be available to maintain the beach or protect the cliff. Furthermore, erosion takes time and an insufficient period may have passed to allow a set-back to develop, or changes in geomorphology may restrict set-back formation. Set-backs, where they exist, can be less distinctive where there is a variable drift direction, or a drift divide (for example, at
Blackpool and Sheringham) as land loss is shared between the extremities of the defences.
Mapping set-backs and set-forwards

Methodology
To identify set-backs and set-forwards around England and Wales, a national set of oblique aerial photographs from the Futurecoast study (Halcrow 2002) augmented by coastal defence history.
Study limitations
Without further investigations it was not always possible to distinguish between natural and anthropogenic set-back. For example, an outfall at East Runton, North Norfolk acts as a potential littoral drift barrier and is associated with a set-back, but historic map analysis indicates that the set-back was present before outfall construction and hence is at least partly natural. Therefore defences may be located where there is a natural tendency for a set-back or a set-forward, and the phenomenon may be exaggerated for anthropogenic reasons.
It was not possible to distinguish every set-back within one locality due to the geographical scale of the resources used, as multiple set-backs are often found within a relatively short distance of each other (see Results and discussion). Generally, set-backs have to be tens of metres in size to be mapped and often the defence history of a site is required to determine whether it is a natural or anthropogenic cause. The localities were divided into two groups determined by coastal type, namely cliffed coasts and low lying coasts (as shown in the Appendix).
Results and discussion
Set-backs and set-forwards: Locality, distribution and coastline stability
Set-back and set-forward sites located around England and Wales are shown in Figures 5 (cliffed coast) and 6 (low-lying coast). Overall, 190 localities were identified, many comprising multiple set-backs or set-forwards. Half of the localities occurred on cliffed sites and half in low-lying areas. The majority of low-lying localities were found in the South East, followed by Wales. Regions with predominantly cliffed set-backs included South East, followed by Eastern England. Overall, approximately half of the 190 localities were situated in the Eastern and South East regions of England (see Table 1 ). A list of sites is documented in the Appendix (Table A1 lists the localities on cliffed coasts and Table A2 lists the localities on low-lying coasts).
The vast majority of set-backs or set-forwards are considered to be caused by defence construction or removal, rather than by natural means. The principal control of set-back and set-forward locations on a national scale is geology, and secondly topography. Defence , only three set-backs (two down-drift and one up-drift) can be seen from the planform shape. This is because insufficient time has passed in the periods between defence construction (years rather than several decades) to allow all the potential set-backs to develop. Hence, the 200m cross-shore set-back down-drift active today is dominantly a product of all disturbances due to defence construction. Extensive retreat adjacent to defences can lead to headland formation, where stable bays can evolve between headlands (Silvester 1960 ). Other localities with multiple fossilised and active set-backs include Cromer, Norfolk and Lyme Regis, Dorset which are ideal sites to study the influence of defences on the adjacent coast, the growth of down-drift set-backs, and headland formation.
The study of set-backs reveals much about co-evolution of the physical coast and society, recording the coastal engineers' challenge to overcome erosion and outflanking. It also raises the question of how we will manage the coast in the future. As the hard engineered approach to coastal management shifts to softer techniques, Shoreline Management Plans will propose managed realignment and defence abandonment in many locations (Department for Environment, Food and Rural Affairs 2009) ('Type 4' of the set-backs and set-forwards identified in the 'Introduction'). Subsequently, set-backs, particularly on the softer rock coasts of Southern and Eastern regions of England may become more common in the medium-term (i.e. decades). Furthermore, as the Southern and Eastern regions of the country are also sinking due to isostatic adjustment, they have, and will continue to experience a greater need for protection. This has led, and could potentially lead to a large number of set-backs or set-forwards. However, in the long-term (over a century), the number of set-backs will probably reduce as selective defences remain, leaving only large (and still evolving) set-backs. As coastlines continue to become set back adjacent to defences, the protected shoreline stands increasingly seaward, becoming more exposed to wave attack owing to wave refraction and diffraction. For example, at Hornsea, Holderness ( Figure 9 ) over many decades the defences have formed an artificial headland or promontory.
Sediment has accumulated up-drift (reducing retreat), reinforcing a deficit down-drift (resulting in increased retreat). This has led to extensive loss of land and infrastructure, as well as the progressive outflanking of defences, making them ineffective at the extremities.
Hence it is important to monitor coastal change, especially down-drift retreat rates and to anticipate land and infrastructure loss. Where defences become headlands (such as areas
where land values and population levels are high), they must be progressively upgraded to cope with the increased wave loadings due to increased refraction as the headland grows.
Bays will form between adjacent headlands and experience lower levels of retreat than other more exposed parts of the coast (Silvester 1960) .
This paper has identified broad-scale principles and controls concerning the distribution of set-backs. However, it does not and cannot explain why and how individual set-backs develop on a small scale, and how they interrupt the littoral drift system. This requires detailed study of cases which can be selected from the dataset (see Appendix). The ideal study sites are not necessarily where there are a high density of set-backs, but where enough time has passed to create a sizeable set-back and where sufficient and appropriate data are available.
Conclusions
This study provides a national picture of the causes and location of set-backs and setforwards in England and Wales, including a list of sites which can be considered in future studies. Five major conclusions are apparent:
Coastal defences hold shoreline position and alter the sediment budget resulting in retreat (due to sediment starvation) or advance (due to sediment accretion) of the adjacent coast.
Set-backs (retreat) and set-forwards (accretion) have been mapped in England and
Wales by analysing mean high and low water and the cliff base and cliff top. 190 localities have been found to be set-back or set-forward, with equal numbers of sites on cliffed and low-lying coasts.
Defences are constructed when soft eroding material requires protection, or where low-lying land is vulnerable to flooding. It follows that nationally, these factors control the location of set-backs or set-forwards. These conditions are most common on the South East and Eastern coasts of England, where half of all localities are situated.
Some sites have multiple set-backs. The set-back sites at the extremity of the defence are actively eroding, whilst other set-backs are inactive where the protection has been extended. With defence abandonment, set-backs are likely to become more common in the short-term. However over the longer term as fewer defences remain, there is likely to be a smaller number of set-backs, but these will tend to be larger in magnitude and potentially create significant artificial headlands. Where artificial headlands evolve, set-backs may form a stable shoreline between headlands.
With continued evolution of the coast, the hazards to housing and infrastructure resulting from set-backs (which are potential 'hotspots' of erosion) will remain an important feature to monitor, analyse and manage in the coming decades. http://edina.ac.uk/digimap Tables   Table 1 The number of sites with set-backs and set-forwards in England and Wales (as shown in Figures 5 and 6 ) according to region, topography and whether the coast is eroding (as defined by Jones and Lee 1994 and shown in Figure 7 ). Note that whilst most of these sites have a set-back down-drift of defence works, some also have a set-forward on the updrift side
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